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IP you've eyhk pesceived the slightest gap between the market- 
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in' yet, as the song goes, until you read the promotional rnaterials 
that accompany audio products. You'd think that the engineering 
community would have dispensed with the hype long ago. Elec- 
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tronic audio amplifiers, starting with Lee 
De Forest's triode vacuum tube, are near- 
ly a century old. Even the relatively new- 
fangled Class D is no longer a novelty. 
From an instrumentation perspective, 
audio bandwidths aren't challenging, the 
amplitudes are generous, and the im- 
pedances look kindly upon probing. 
With other products, you would just 
compare data sheets and be done with it. 

But the data sheets and supporting 
documentation available for audio am- 
plifiers often say precious little that fore- 
casts how the products will perform in 
their primary role: driving speakers in 
various environments for humans to en- 
joy. Lest this sound like an appeal to sub- 



jectivism, let me assure you that it is not 
(see sidebar "The trouble with subjec- 
tivists"). Unfortunately, data sheets typ- 
icaJly don't reveal the kind of measurable 
detail that allows for meaningful com- 
parisons. This state of affairs is not en- 
tirely the fault of amplifier manufactur- 
ers. They are not, after all, trying to drape 
their wares behind a veil of secrecy or 
false promises. However, no industry- 
wide consensus exists on what compris- 
es a measurement set that correlates to 
the listening experience: a surprising and 
disappointing fact considering the con- 
ceptually simple task that audio ampli- 
fiers have to perform and how long they 
have been doing it. The problem is not 
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that we can hear things that are immea- 
surable — the fatally flawtd daim of fhe 
subjectivists — but rather that we haven't 
a defined set of measurements that ade- 
quately predict what we hear. Though the 
fi is as hi as an elephant's eye, there's no 
"fidelimeter" with which to measure it. 

Data sheets reliably contain harmonic- 
distortion measurements and noise mea- 
surements, often combined into a single 
number THD+N (total harmonic dis- 
tortion plus noise) taken at I kHz at full 
rated power. Amplifier makers also report 
the frequency response with a tolerance. 
Beyond that, little consistency exists. 

In analog amplifiers, harmonic distor- 
tkrrt r^*s with frequency, partly because 
some of the generating mechanisms are 
excited more at high frequencies than 
lower and partly because the available 
loop gain falls with frequency. Single-fre- 
qtifem<ry harmonic-distorTion measure- 
ments make for easy — but not necessar- 
ily informative — numeric comparisons, 
because they don't indicate the rising dis- 
tortion curve that can differ significant- 
ly frotn ctesign to design. 

A growing and welcome trend among 
amplifier manufacturers is to include a 
THD plot that sweeps a power range at a 
nominal frequency, usually 1 kHz, and a 
plot that sweeps a spectrum at a frxed 
power level. Be aware, however, that some 
manufacturers use brick-wall filters for 
the spectral plots, which hides their am- 
plifiers' performance at high frequencies. 



ATAGLANtlE 

t> A good number of claims and compar- 
isons-some true and others dubious- 
often snrompafiy Qass D-annplffier iCs. 
Read the numbers carefully before jumping 
to condusions about any amplifier imple- 
mertartioa. 



> Qa5S amplifiers compress rather ttian 
dip when their power supplies reach their 
current limit, which can save speakers a lot 
of abuse. 



> You can sfHI caise Class D amplifrers to 
dip if you overdrive their analog inputs or, 
in the case of amplifiers that take digital- 
audio inputs, allow signal-proceastif aigo- 
rithms to hit the code ceiling. 

t> Reference designs are great starting 
points, but they are not all things to all 
applicitiaris. Plan' on woAirig the d^iis. 



The argument for this practice is that the 
filter more closdy approximates the range 
of human auditory perception than 
would an unencumbered measurement. 
In cases where a THD spectral sweep is 
the only evidence of an amplifier's non- 
linearities, the information could reNTa) 
performance distinctions well within the 
traditional audio band. Filtering the data 
does not add to our understanding. 
Those who would like to assess an am- 



plifier's performance by objective means 
welcome another trend in haf monk-dis- 
tortion measurement: FFT plots that re- 
veal the relative amplitudes of the or- 
dered harmonics. Still, few manu- 
facturers are providing such detail, pre- 
ferring the lumped specification, which 
they can quickly test during production 
and which results in a simple numeric 
comparison. But the human response to 
harmonic distortion is not constant with 
order (Reference 1). Ewn small amoimts 
of higher order harmonics are so offen- 
sive that research suggests that you 
should weight your assessment of dis- 
tortion products by n-/4 (Reference 2). 
This approach wonid resuh in fectoirs of 
unity, 2.25, 4, 6.25, and 9 for the second 
through sixth harmonics, respectively. 

Class D output stages have distortion 
mechanisms of their own. One example 
is the distortion that the oirtput draces' 
finite rise and fall times cause. The out- 
put transistor's limited switching dy- 
namics cause the otherwise rectangular 
output of the PWM driver to appear 
trapezoidal. At extremes of dtilycycl*, fts 
trapezoid wave rise- and fall-time "skirts" 
meet, and the waveform decays further to 
a triangle that never reaches its target am- 
plitude. A number of Class D designs em- 
pCoy schemes to compensate ifor the ef- 
fects of pulse-shape errors. But the 
compensation mechanisms don't mea- 
sure the error in real time, as is the case 
in a feedback amplifier, so corrections are 



THE TROUBLE WITH SUBJECTIVISTS 



in his essay on the subject, Dou- 
glas Self traces sMi 'jectiviMn in 
the audio industry to 1977 (Ref- 
erence A). The proponents of 
subjectivism dismiss objective 
measures of perform-nce and 
prefer to evaluate audio devices 
based solely on titeir listening 
experience. They claim, among 
other things, that aWs are 
direction<ii-a remarkable trick 
considenng that audio signab 
themselves are ac. 

Yet one amplifier vendor sent 
along with his dem^i board a 
heavy-duty cabie with gold-plat- 
ed RCA plugs on either end, one 
marked "source" and the other 
marted "amplifi^/' Th€ tatjte 



itself was marked with little 
arrows along its length. Wlien ! 
mentioned these markings to 
the director of engineering for 
that product tine, he blushed 
and assured me thai the compa- 
ny put no credence in claims of 
directional preference. 

Another subjertivist daim is 
that tone con'rols cmv audible 
deterioration e'.'pn when set Hat. 
As Self poirts -u;. st:')jectiv",ts 
often blame phase shift for this 
deterioration, but a circuit with a 
flat response cannot contribute a 
phase shift unless it is an alipass 
nettt'ork, and tone conirois 
aren't I find that common tone 
Qontrpis are largely useless for 



correcting deficiencies in an 
acoustic system of a speaker and 
a room because the acoustic 
deficiency and the tone control's 
center frequency are most likely 
not going to coincide. But that 
lack of coinri'i^nce does not 
suggest that sonic evil is associ- 
ated with the presence of a tone 
control. Carefully adjusted one- 
sixth-octave-graphic- or paramet- 
ric-equalizers, essentially tunable 
tone controls, successfully cor- 
rect .room responses in many 
carefully designed listenini envi- 
ronments. 

If the subjectivists get any 
traction at all, it may be because 
the de$ign commupity d^ipaids 



heavily on harmonic-distortion 
measurements, which serve as 
poor predictors of an amplifier's 
subjective deficiencies, Harmon- 
ic-distortion measurements give 
experienced designers informa- 
tion that often leads to the root 
cause of the nonlinearity. Other 
distortion measures give less 
information to the designer but 
correlate better with subjective 
assessments ©f amptf ier perfor- 
mance. 
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limited to the extent that a designer can 
predict the errors across the en- f 

tire range of signal and operating 1 

conditions. Correction schemes succeed 
to varying degrees and within varying 
condition limits. As in the case of analog 
amplifiers, you wouldn't need to be too 
skeptical t?o woitdiH' whether a single- 
point distortion specification adequate- 
ly describes such a circuit's performance. 

Comparisons among competing am- 
plifier designs might also benefit from 
other objective rocasurss, such as infer- 
modulation distortion and phase re- 
sponse. Some Class D-amplifier data 
sheets mention intermodulation distor- 
tion, though often without specifying 
the test conditions. The data sheets do 
not specify phase response, however, for 
any of the amplifiers in this article. With 
^o industry-accepted norm for specify- 
Img audio amplifiers, seekers of honest 
objective comparisofis are more often 
than not left with unanswered questions. 
End users, even in professional-audio 
applications, such as recording-studio 
monitoring or concert-sound reinforce- 
ment, rarefy hawe access to the instru- 
mentation you need to answer these 
questions. With no other plausible 
roime aciadft, tbfry inmriabiy reiort 




A baik P^WM modulator compares tb« napitsde 
triangle wave. The output pulse train- 
sentation of the original waveform. 

to listening tests as the final arbiter. 

Last, you need to determine how good 
is good enough. This criterion is a mov- 
ing target as the recording quality of 
source materials and their media contin- 
ue to improve. You can make that assess- 
ment only if yoa cm ^crfawafte" your sub- 
jective tx^^cma tt> fibfectB» masure- 
ments. 

IF IT QUACKS LIKE A DAC 

A nu mber of proponents of CT«ss Vf 
amplifiers argue that an "all-digital am- 
plifier" is desirable in and of itself, as if to 
fe^iBitje dfgjtil wWi good an4i by impU- 



of an racDtnmg aiMfifi sl|^ to a hi^-fre^ieBcy 



cation, analog with bad. Class D ampli- 
ftew avoid the errors that pkgne DACs, 
goes the argument. One company goes so 
far as to refer to its digital-input/Class D- 
output amplifier as a "digital-to-digiliJ 
converter." 

The biggest problem with this argy- 
ment is that PWM, the output of all Class 
D amplifiers, is not a digital signal; it's 
analog. The fact that Class D outputs ide- 
ally switch between discrete voltages 
mafcrs thn« no less analog. Perttirbatfons 
in either the voltage or the timing of a 
PWM output can appear at the output, 
and no threshold exists bdjaw wkich tlw 




in mote than two derade'; of 
audio-prodotlion wotk, I've 
auditioned a lot of gear whose 
tieets, like those for audio 
Sere, give at best an 
incomplete impression of the 
product's sonic performance. In 
tfiGt tinit', I've (Jftcovered a num- 
^ber of ways to ease the job of 
^assKsing gear and awoid tiie 
s; ' ; 'ti -'t's trap of generating 
ui;vii>- .'i^'pro i 'jHe observa- 
tions. The goal IS not to discern 
yscule differences but rather 
lanundefstandingoftfre 
r^onic cfiaracter of a piece of 
equipment. A good assessment 
is one \ ' lands tfie test of 
^multiple listenings and listeners. 
' i yotir <onclustons about a piece 
f of equipment siarvd up after 200 
'.hours Of so of use, they were 
good ase,«mentt On the other 
ifyou'reinargfltPJ 



other people, and you're the 
only one who can hear some- 
thing, it is, by definition, "in your 
head," 

Here are seven ideas tor get- 
ting the most from critical listen- 
ing: 

• Acknowledge and debunk 
your prejudice. The object of 
the game is to tearri something, 
not to confinn your precon- 
ceived notions. 

• Listening is like swimming: 
You get better with practice, and 
you shouldn't go in alone. A 
good listening buddy can keep 
you from getting in over your 
head. If you both come up with 
the same unprompted assess- 
ment it tnost likely contains use- 
ful information. Vbu don't need 
*goMef) ears" but you have to 
be willing to listen carefully and 



• Don't worry about minuti- 
ae. You're never looking for tiny 
differences between two things. 
If you need repeated double- 
blind test trials to differentiate A 
from B, then it is probably 3 dis- 
tinction [lot worth making, 

• lurn only one kn(ab at a 
time. Everything about your lis- 
tening environment sbouid be 
as constanf ; ■ .^Me through- 
out the asscssi iidit Familiarize 
yoorself with the room and 
monitors you use in any evalua- 
tion. Ensure that the room is 
free of di';trd<lions, 

• Choose well- recorded, 
familiar source material. Listen- 
ing to something lor the first 
tiiTffi is in effect turning a knob. 
Sparse arrangements are more 
useful than spectrally dense 
"walls oi soorid" bfTdiise they 



same reason, ciean, cr'^sji, iian:;- 
parent recordings of acoLisat 
instruments are more telling 
than tracks with a lot of synthe- 
sizers or effetfe. 

• Watch your monitoring lev- 
els. Listening fatigue can set in 
within 10 minutes or ',o at ele- 
vated levels. You can work efiec- 
lively for far longer if you keep 
the levels down 

• Carefully note what you 
think you're hearin? ^nd (oine 
bad to the same setup and 
revest your perceptions. Listetiirt; 
tests are difficult to control, and 
the greatest and most dangerous 
v?(iaf'lfj is yr;!j. !. whatever 
analytic equipment is available. 
The most useful assesment is 
one you car con-elate to a itieas- 
urement. 
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situation is not true. On the other hand, 
if you disturb either the output voltage 
or timing of, say, the SPDIF (Sony/ 
Philips digital-interface) data stream 
from your CD player's digital output, 
tiffiW disturbances do not affect the data 
as long as their magnitudes are within the 
system's voltage and timing tolerances. 

You can make a simple pulse-width 
modulator with a comparator and a tri- 
angle generator (Figure 1 ). Although this 
circuit's transfer function is nonlinear, it 
is an analog circuit just the same. The 
modulator produces a pulse train with 
continuously variable pulse widths from 
an analog input. PWM generators that 
take digitally encoded inputs, such as 
PCM (pulse-code-modulated) streams, 
are DACs, but rather than representing 
their outputs as discrete points on a volt- 
age continuum, they represent their out- 
puts as discrete transitions on a time con- 
tinuum. Digital goes in; analog goes out. 

The positioning and marketing do lit- 
tle to move the discussion of Class D am- 
I^flers' merits, which are numerous. The 
benefits of Class D amplifiers' efficiency 
extends to smaller power supplies, little 
or no heat-sinking, lower product 
weight, and longer per-charge hfe for bat- 
tery-powered designs. Early designs may 
have lacked sonic performance, but the 
technology's promise wasn't lost on an 
industry eager fcff Icjw-eoM, krw-paw^ 
everything. 

The five ampiifiers of 2 to SOW that I 
used in listening sessions for tliis article 
produce more than adequate sound 
quality for a variety of high- volume ap- 
plications. Several of the chips take digi- 
tal inputs; others take analog-audio 
feeds. Of those that take digital-audio in- 
puts, some offer a range of auxiliary sig- 
nal-processing fvmctions that go well be- 
yond those of a power amplifier. In some 
applications, these integrated facilities 
greatly simplify the system desigji. In 
others, they add little value. As is often 
the case, there's no right part for every- 
body, but a number of good parts are 
available to choose from. 

As for sonic performance, the demo 
amplifiers as a group performed well. I 
might have reservations about using 
some in the most demanding applica- 
tions, such as primary studio-manitor- 
ing. However, for the largest segment of 
the consumer market for which these 
parts were dajfjoed, ih^jaa HBOttSfltaa 
adequate. 
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Fi^ifrf" 7 A little amplifier that can: Tr$TAS5000/5100 demo padci%ii|fi«««>^ 
and amplirication onto less than 15 in.^ Of that, about one-third is Trlter. 



All of the manufacturers submitting 
parts for listening tests provided demo 
boards constituting their reference de- 
signs. The consensus that developed af- 
ter speaking to three of the des^n teams 
involved suggested that many customers 
would likely use the reference designs as 
they were, adding tii§k awn viiiBS ftlse- 
where. 

In addition to providing basic ampli- 
fication, demo boards taking SPDIF in- 
puts must also provide a means for con- 
trolling the signal level because the 
incoming data stream knows only one 
level: ftjlJ-bkst. Because making a simple 
volyme control requires a certain 
amount of digital-processing capability, 
most also include the rudimentary func- 
tions available on most stereo preampli- 
fiers — a source selector and basic treble 
and bass controls. 

For the most part, all the demos pro- 
duced good sound quality, particularly 
when you account for the fact that their 
manufacturers target these devices to- 
ward the inexpensive end of the home- 
entertainment market, not studio mon- 
itoring. In keeping with this idea, I 
listened to each amplifier through a pair 
of Paradigm Mini Monitors, which serve 
as the "small speakers" at the Cove Arts 
postproduction suite where the listening 
sessions took place. The Paradigms have 
proved reasonably accurate for near-field 
monitoring during mixing sessions and 
the resulting mixes translated well to 
both higher and lower quality speakers 
elsewhere. They are the younger siblings 
to the main monitors I use for mixing at 



Cove Arts, and after several hundred 
hours with both, I felt comfortable that 
the selection of monitor was not itself 
"turning a knob" (see sidebar "Seven tips 
for listening"). 

This monitoring issue was apparent 
when I visited three of the design groups, 
each of which had listening rooms 
equipped with speakers I'd never heard. 
Under those circumstances, ii was diffi- 
cult to attribute what 1 h&x^ to 
source. 

Overall, the listening sessions were en- 
couraging. Any of these amplifiers would 
suffice for casual listening, though eadi 
brings its own set of features, so you may 
find that you have your own preferences. 
The differences I noted occurred in am- 
plifier controls, noise, and the quality of 
stereo imaging. None of the Qma D tm- 
plifiers perfwmed poorly or e^en msi- 
ginally. 

THE DAWSHWVASION 

TheTAS50GO/5IOO demo from Texas 
Instruments measures 4.75X3 in., ex- 
cluding the detachable control pad. 
These measurements make it one of the 
smallest of the demos in the tens-of- 
watts power class. The TAS5000 PV¥M 
processor operates in a four-chip set for 
stereo applications. The chip set starts 
with one of several signal processors that 
interface to digital-audio sources, such as 
SPDIF, IEEE1394, and USB; strip digiflff, 
subcodes and decode surround-sound 
signals; implement the volume and tone 
or equalization functions; and output 
one or more PCM streams to the PWM 
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processors. The TAS5000 converts the 
PCM-encoded audio to PWM-control 
signals, which drive a pair of TAS5100 H- 
bridge output stages. The design allows 
for easy expansion to multichannel ar- 
chitectures, such as for Dolby 5.1 sur- 
round sound using a small set of build- 
ing blocks. The amplifier is rated at 
0.08% THD at 1 kHz into 60. 

The $3.41 (1000) TAS5000 PWM 
processor in a TQFP-48 package and the 
two $3.15 (1000) TAS5100 power H 
bridges each in HTSSOP-32 thermally 
enhanced packages, constitute a small 
minority of the board area, despite their 
ability to deliver 30W per channel to the 
speakers (Figure 2). The parts use tech- 
nology that a Danish design team at Toc- 
cata, a company TI acquired last year, de- 
veloped. TacT markets the high end of 
the Toccata technology in the form of the 
Ml power amplifier, which weighs 
roughly 60 lbs, costs thousands of dol- 
lars, and targets "golden-eared" home- 
stereo enthusiasts. The TAS50G0/5100 
design, which costs and weighs only a 
small fraction of the Ml, is far less am- 
bitious and more practical for the broad 
consumer market, The LC output filter, 
more or less typical of the Class Ds, takes 
up somewhat less than a third of the pc- 
board area. The TI demo dissipates 
about 3.7W while idle with valid SPDIF 
«c>4fi tUfflQWI and with, the volume con- 
fTTj] at its minimum. When the incoming 
SPDIF stream stops, the amplifier's dis- 
sipation drops to about 1.8W. The unit 
came with an RCA jack input for stan- 
dard copper SPDIF inputs. 

Like its brethren Class D amplifiers, 
the TAS5000/5100 compresses rather 
than clips when their power supplies 
reach their limit. This behavior might be 
worrjsome in a studio environment in 
which any departure of the monitored 
signal from the program feed is cause for 
alarm. But in almost every other appli- 
cation, volume compression is a desirable 
feature that guards against the violent re- 
action speakers have to the ungraceful 
application of dc due to clipping. Should 
the power supply fall from its nominal 
20V, the TAS5000/5100 continues to op- 
erate, albeit at lower volume, until it 
mutes its autputi at about lOV. Muting 
and demuting are fairly clean, despite the 
fact that they occur due to out-of-spec 
operating conditions. 

One disturbing attribute of the TI 
detisc it ^st&f ted ttidibty wheo 



the bass control was set to boost. Testing 
with a 100-Hz tone revealed 
readily audible distortion with F J g u f 
any amount of base boost at any volume 
level. With musical-program material, 
such as Tommy Emmanuel's solo- 
acoustic-guitar tracks, that did not stress 
the bottom of the spectrum, I could 
raise the bass level about halfway be- 
fore the program became distort- 
ed audibly (see this article at 
www.ednmag.com for a list of program 
material used in the listening sessions). 
Though I could not confirm its origin, 
this behavior's independence of level 
suggests that it is a correctable error in 
the tone-control algorithm and thus 
needn't count against the PWM proces- 
sor or H-bridge components. 

My other criticism of this amplifier is 
that, on power-up, it assumes a level that 
is shy of but well on its way to full-blast. 
This behavior was immediately apparent 
when I power-cycled the system — am- 
plifier and CD player — together, as you 
might do in either an all-in-one or com- 
ponent stereo system. Most CD players 
automatically play if you turn them on 
with a CD installed. Such was the case 
with this system, and with a pair of effi- 
cient near-field monitors, the results were 
jarringly loud. Although software people 
would probably call this behavior a "fea- 
ture," it is not a TI exclusive. Both demos 
that use increment/decrement switches 
for their volume controls display the 
same behavior. Again, you could repro- 
gram the processors in question to pow- 
er up at a more appropriate level, such as 
fully attenuated or well on the way to that 
extreme. OEMs can add nonvolatile 
memory to maintain volume settings 
through a power cycle and more proper- 
ly emuJate what the lowly potentiometer 
has done for years. More than anything, 
this behavior points out that OEM de- 
signers should be prepared to do a cer- 
tain amount of detail work and not plan 
on simply copying the reference design 
lock, stock, and initialization oDde. 

WITHIN THE AUSTIN CITY UNHTS 

Cirrus Logic's $3.95 (10,000) CS44210 
is a Class D controller that mates with a 
pair of International Rectifier IRCS8001 
bridge-driver ICs. The 44210 includes 
three serial digital-audio inputs with a 
multiplexer and host interface in a 
TSSOP-24. The $3.55 (10,000) IRCS800I 
biiiige^ivers, available in SOIC-16 




Just power, filter, and go: THpatd's is a 
single-chip da^ D awipfifler tiiBI i^Im iffidi^ 
inputs. 

packages each drive either four $1.08 
(10,000) IRCS8101 MOSFETs in a full- 
bridge configuration, or two $1.45 
(10,000) IRCS8102 MOSFETs in a half- 
bridge. International Rectifier mounts 
both MOSFET models ixi D-Pak pack- 
ages. Cirrus's CS44210 can drive 5(JW 
into 8fl speakers in either configuration. 
The amplifier's THD is listed at 0.01% at 
1 kHz at IW; 0.1% at full power. 

The CS44210 demo amplifier fits onto 
a 6.5X4.5-iTi. board, which is divided into 
a 2.5X4.5-in. input interface-and-control 
section and a 4X4.5-in. power-condi- 
tioning-and-amplifier section. The input- 
and-control section accommodates both 
copper and fiber-optic SPDIF inputs. I 
prefer fiber because it galvanicaUy isolates 
the source and amplifier, eUminating any 
concerns about ground loops without re- 
sorting to pulse transformers. Addition- 
ally, I've used the same plastic fiber and 
Toslink transmitters and detectors in 
multichannel audio for data densities at 
least four times greater than those that 
SPDIF requires, so data-signal integrity 
through the link isn't a concern, even on 
fairly long feeds. The input-and-control 
section also provides increment/decre- 
ment switches to control volume, treble, 
and bass and also provides three other 
pushbuttons for shutdown, mute, and re- 
set. The amplifier came with a separate 
power supply that provided ± 35V for the 
output bridges and 5V for logic. 

The Cirrus/International Rectifier 
combination works well. The horn sec- 
tion on Charles Brown's ]ust a Lucky So 
and So sounded slightly tighter, 
smoother, and better articulated than on 
most of the demo amplifiers. The Cirrus 
ampllfiier also prodacEd timyng ih& best 



ears-onproject cim^jmdio-ampl^zJCs. 



stereo imaging of the amplifiers in this 
study, Tlie issue kere is OQt of stereo sep- 
aration or tfie apparent width of the 
stereo field, but rather the clarity of a 
source's location within it. If you listen 
to, say, a vocal recorded with a single mi- 
crophone, you should be able to locate 
the position of the sound source in the 
stereo field without ambiguity. iVe also 
noticed that the quality of the stereo im- 
coijicidss with the relative clarity and 
tmnsparcncy of sounds in the upper 
midrange and top end. Although I've not 
taken the time to tie the two to a mea- 
surable parameter, I've observed this 
diaiacteristic frequently eoou^ to form 
i hypothesis for such a tie. 

Like an the amplifiers that took SPDIF 
inputs directly, this amplifier's mute 
function followed the acquisition or loss 
of a valid input signal. The manufactur- 
er warns that you'll hear a "small click" in 
the speakers during these transitions, 
and, true to its word, a click is what you 
get. This small flaw is not fatal by any 
stretch, but it is mildly annoying after 
several hours to have the amplifier punc- 
tuate in living stereo every manipulation 
of the CD player. Further, because this 
behavior was unique to the CS44210 
demo, it is Likely that Cirnis coiaM eiini- 
inate it in a future spin. 

The Cirrus amplifier demutes a bit late 
when it detects incoming SPDIF code. In 
most cases, this behavior is innocuous 
and might have entirely escaped my no- 
tice because most CDs have lead-time be- 
tween each cut's start marker and the ac- 
tual program start. But it happened that 
I picked a certain Lyle Lovett track with 
9 particularly tight cue, and the amplifi- 
er cut the initial "Helk)" from Lovett's 
it's Me. 

Wh^n powered, Uke d\e Tl dewio, the 



Cirrus also assumes a level that is a bit ag- 
gressive for those listening with efficient 
monitors. The bass and treble controls 
were subtler than most I've heard, which 
you should read as a compliment. 

NEW ENGLAND-STYLE CLASS D 

Apogee Technology takes Class D in a 
slightly different direction for its 35W- 
per-channei amplifier. The $6.98 (1000) 
DDX2000/2060 chip set, packaged in a 
PQFP-44 and a thermally enhanced 36- 
pin power package, forms a ternary, not 
binary, amplifier. This distinction allows 
Apogee to improve efficiency while per- 
forming a first-order correction for an 
important distortion mechanism: the fi- 
nite rise and fall times of the switching 
devices (references 3 and 4). 

The DDX2000 PWM controller main- 
tains a minimum pulse width, so that the 
trapezoidal pulse train can never decay to 
triangular. An opposite-polarity, mini- 
mum-width compensation pulse follows 
every signal pulse, which gives a first-or- 
der correction to the rise- and fall-time 
skirts and allows the controller to gener- 
ate equivalent pulses shorter than the 
minimum width. For example, if the 
minimum width is k, then the DDX2000 
can generate a short pulse, 8, by generat- 
ing a k-hS followed by a k-wide compen- 
sation pulse. 

Between pulses, the speaker is not dri- 
ven. The third state of the ternary drive 
connects both speaker terminals to 
ground and leaves both outputs of the 
amplifier unloaded. At idle, the Apogee 
amplifier dissipates 1.6W, less than half 
that of the TI amplifier. Such comparisons 
are of dubious value because they ignore 
substantial differences in digital-signal- 
processing capability. On the other hand, 
it's ualikdy that TJ is burning aver a watt 



and a half just to include equalizatioa. 

Like the Cirrus demo, the Apogee 
Technology amplifier accepts either cop- 
per or Toslink fiber-optic connections for 
its SPDIF input. As in the previous case, 
I used the Toslink. Unlike the previous 
amplifiers, the DDX2000/2060 demo has 
two potentiometers — one for volume 
and one with a center detent for bal- 
ance — which an eight-pin Microchip 
PIC processor reads. The volume poten- 
tiometer provides smooth control, rem- 
iniscent of an analog ampHfier and, best 
of all, has no trouble rememberi^ia p3- 
sition through power cycles. 

The DDX2000 can adjust the digital- 
audio signal over — 82.5 to +12dB. It in- 
cludes an anticlipping function that 
guards against combinations of gain and 
input signal that would cause the ampli- 
fier to run out of codes. The Apogee's 
output had somewhat-Icss-audible hiss 
than the Cirrus but didn't match the Cir- 
rus' stereo- image quality. 

CLASS f) FOR ANALOG 

Unlike the previous three amplifiers, 
the TA2022, a $16.00 (1000) stereo inte- 
grated modulator and output stage from 
Tripath takes analog inputs. The compa- 
ny refers to its design as "Class T." Tripath 
is not the first company to identify its 
amplifier with a novel class designation. 
It makes the distinction to reflect the fact 
that its modulator uses a spread-spec- 
trum switching pattern rather than 6 
fixed switching frequency. Since ampli- 
fier operating class, even for Class D, de- 
scribes how the output devices are biased 
and driven, not the spectral nature of that 
drive, this looks like a Class D amplifier 
to me. Tricked up, perhaps, hut Qais D 
just the same. 

The TA2022 has a THti of Q.OJS% to 
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For more information on products such as those discussed in this artide, go to www.ednmag.com. When you contact any of the iollowing nnanufacturers 
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Apope Technology 

1-781-440-9528 
www.apogeeddx.CQm 
Enter No. 315 

Cirrus Logic 

l'-512-445-7222 

www.cimjs.com 
Enter No. 316 



Maxim Integrated 
Products 

1-408-737-7600 
www.maxim-ic.com 
Enter No. 317 



Texas Ijistruments 

1-800-33&-523S 
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Tripath 

1-408-567-3000 
wiw.*npath.com 
Enter No. 319 

Other companies men- 
tioned IN THIS ARTICLE 
IntOHtfonal Rectifier 

1-310-252-71D5 
wwnHcom 



Mackie Designs 

1-425-487-4333 

www.mackie.com 

Microchip 

1-480-792-7668 
wvwv.microchip.com 



Paadigm 
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Tad 
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45W in 80 rising to 0. 1 % at 60W. Due to 
power-supply constraints, the demo 
board operated at ±25V during the lis- 
tening sessions for this article, which lim- 
ited the output power to 25W per side 
into 80 at 0.0 1 5% THD. At that voltage, 
the idle dissipation measured 3.4W. The 
demo amplifier tits on a 3.5X3,75-in. 
board, not including the heat sink (Fig- 
ure 3). Tripath packages this amplifier in 
an SSIP-32 plastic package with a 20°/W 
junction-to-ambient thermal resistance. 
To meet its top rating of SOW per chan- 
nel into 40 at 85% efficiency, the man- 
ufacturer recommends a heat-sink-to- 
ambient thermal resistance of 1 .63°/W or 
better, allowing 0.2°/W for the interface 
case-to-heat-sink thermal resistance. 

Because the TA2022 demo amplifier 
takes an analog input but has no onboard 
level control, I drove its inputs from the 
control-room outputs of a Mackie 
1604VLZPRO. With the CD player's ana- 
log outputs brought in through the two- 
track tape return, this signal path was the 
shortest that I could conveniently 
arrange that provided a level control. 

During the listening sessions, the 
TA2022 was quiet and produced an ex- 
cellent stereo image. Tlie amplifier ren- 
dered the drum solo on Tommy Flana- 
gan's Verdandi, an excellent recording of 
Lewis Nash's brushwork, with greater 
clarity and transparency than many of 
the other amplifiers. The experience was 
probably more fun than you're supposed 
to have on the job, so I postponed the 
second and third listening to afttivhowrs. 

A LIHLE GOES A LONG WAY 

The smallest of the Class D amplifiers 
offered for this project came from Max- 
im. The MAX4297 can deliver 2W per 
channel into 40 albeit at about 2% THD. 
The 1-kHz, 1 W distortion ipec is typical- 
ly 0.4%. This spec may sound like "flea 
power" after the 30 to SOW brutes, but for 
PDAs {personal digital assistants), laptops, 
telephones, and a host of other portable 
applications that lack ftill-range speakers, 
a watt can be a lot. Even when driving the 
Paradigm monitors, the 4297 could reach 
volume levels that would suffice for, say, a 
small desktop stereo or powered PC 
speakers. With a 2.7 to 5.5V power-supply 
range, the maximum open-circuit idle 
dissipation is only 40 mW; that figure 
drops to 75 |xW in shutdown mode. 

The demo circuit covers less than 4 sq 



in., of which the input and output con- 
nectors and the volume controf occupy 
half. The $2.45 (1000) MAX4297 itself is 
packaged in an SSOP-24. A mono ver- 
sion, the $1.45 (1000) MAX4295 is avail- 
able in a QSOP-16. A pair of logic inputs 
allows you to select the PWM frequenc;' 
from 125 kHz, 250 kHz, 500 kHz, and 1 
MHz. Though the data sheet suggests 
that the amplifier gives its best overall 
performance at 125 or 250 kHz, the set- 
up I used worked best at I MHz and 
worst at 125 kHz where it tended to dis- 
tort at lower volumes than at the higher 
frequency. Results may hive been difer- 
ent if I had auditioned 
the amplifier with 
something better ap- 
proximating its in- 
tended load. 

Not surprisingly, 
the listening experi- 
ence could not com- 
pete with that of the 
other amplifiers, but it 
was good enough for 
around the office. In a 
laptop, PDA, or Walkman-type design, 
the transducers limit the fidelity, so the 
MAX4295's size and tdbpw^er mvHd he 
a good fit.Q 
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